The inhibitory effects of human-derived Bifidobacterium longum BB536 on harmful intestinal bacteria were examined by co-cultivation of BB536 with each one of the following eight bacterial strains: Escherichia coli, Klebsiella pneumoniae, Clostridium clostridiiforme, C. perfringens, Bacteroides distasonis, B. fragilis, B. thetaiotaomicron and B. vulgatus. In comparison with the results of mono-cultivation, BB536 inhibited both the growth of these putrefactive bacteria and their production of ammonia, and decreased the pH of the culture medium by producing lactic and acetic acids. Enzymatic assays showed that in BB536 the sorts of the enzymes involved in ammonia production (urease and amino acid deaminases) were rather few and their activities were weaker than observed in the harmful bacteria, whereas the activities of enzymes involved in ammonia assimilation (glutamine synthetase, glutamate synthase and glutamate dehydrogenase) were much higher in BB536 than in the putrefactive bacteria.
Bifidobacterium is thought to have health-promoting effects in the intestinal tracts of humans and animals. One of the beneficial effects of Bifidobacterium is its repression of the proliferation of putrefactive bacteria, such as Escherichia, Clostridium and Eubacterium, resulting in inhibition of the synthesis of harmful products including ammonia (6) . Ammonia induces hepatic encephalitis and hepatic coma in patients with cirrhosis or other liver diseases when it exists at a high concentration in the human body (9) .
Bifidobacterium longum is one of the Bifidobacterium species found predominantly in human feces (1, 11) and this species has been most often used industrially. Strain BB536, which belongs to this species, was isolated from the feces of a healthy baby in 1969. This strain was preserved and maintained in the culture collection of our laboratory, and has been used commercially in various food applications.
Here, the inhibitory effects of BB536 on harmful intestinal bacteria were shown in co-cultivation experiments which emphasize the significance of its use in industrial and pharmaceutical products. 
RESULTS
Co-Culture Experiments with BB536 and Eight Harmful Bacteria Co-cultivation of BB536 with each of eight bacterial species was performed for 24 h and samples were taken at 4-h intervals for measurement of pH, bacterial CFUs and ammonia concentration. The inoculation ratio of BB536 and the other bacterial strain was corrected to about 1 : 1. Monocultivation of these strains was also per- formed as the control. The results are shown in Fig. 1 . In all cases, the pH of the cocultures decreased to below 4.5 whereas the pH of the mono-cultures was above 4.5. In the cases of K. pneumoniae (Fig. lb) , C. clostridiiforme (Fig. 1g ) and all four Bacteroides species (Fig. 1, from c to f) , the CFU ml-1 after 24 h incubation was below 105 in co-cultivation with BB536 while it was always above 107 in mono-cultivation. Also in the case of E. coli (Fig. 1 a) , a difference between the co-culture and the mono-culture was clear whereas rather little difference was seen in the case of C. perfringens (Fig. 1 h) . As for BB536, the growth curves in the co-cultures were similar to that of the monoculture, except in the case of C. perfringens (Fig. lh) , in which the growth of BB536 was rather inhibited until the CFU ml -1 of C. perfringens began to decrease. The ammonia concentration in the co-culture was lower than that in the mono-culture in each instance. The extent of increase in the ammonia concentration from its initial level in the medium during the 24 h of co-cultivation ranged from 10.4% (in the case of K. pneumoniae) to 73.4% (in the case of E. coli) of the values observed in the monocultivation of these strains. In the case of B. distasonis ( Fig. 1 c) , the ammonia concentration of the co-culture decreased to a level below that in the initial medium, as occurred in the mono-cultivation of BB536 (data not shown).
Activities of Enzymes Which Synthesize Ammonia
Since it was shown that the ammonia concentration of the cultures varied depending on each strain, the activities of ammonia-producing enzymes, including urease and deaminases for 20 L-amino acids were examined in each strain. The results are shown in Table 1 . Only deaminases for arginine, asparagine, aspartic acid, glutamine, glutamic acid and lysine were found. Deaminases for the other 14 L-amino acids were undetected in all nine strains. Among those enzymes detected, the activities of deaminases for asparagine, aspartic acid and glutamine in B. vulgatus, deaminases for asparagine and glutamine in E. coli, B. fragilis and B. thetaiotaomicron, and deaminase for glutamine in the other strains tested were higher than those for the other amino acids. It was found that BB536 has only two deaminase activities and no urease activity whereas the other eight strains have from three to six kinds of these enzymatic activities. On the basis of the effect of pH, varied from 4.0 to 7.0, the urease and deaminase activities were classified into three types. The first type showed the highest activity at pH 7.0 or 6.0 (arginine-deaminase of C. perfringens, asparagine-deaminases of E. coli, K. pneumoniae, two Clostridium species, B. fragilis, B. thetaiotaomicron and B. vulgatus, aspartic acid-deaminases of E. coli, B. fragilis, B. thetaiotaomicron and B. vulgatus, glutamine-deaminases of C. clostridiiforme, and urease of K. pneumoniae). The second type showed little activity change in response to varied pH (asparagine-deaminase of B. distasonis, glutamine-deaminases of E. coli, K. pneumoniae and BB536, glutamic acid-deaminases of B. thetaiotaomicron and B. vulgatus, and lysine-deaminases of two Clostridium and four Bacteroides species). The optimum pH of the third type was 4.0 or 5.0 (asparaginedeaminase of BB536, glutamine-deaminases of C. perfringens and four Bacteroides species, glutamic acid-deaminases of C. perfringens and B. fragilis, lysine-deaminases of E. coli and K. pneumoniae, and ureases of B. distasonis, B. fragilis and B. vulgatus). It was also noted Table 1 . Specific activities of ammonia-producing enzymes that the activities of the asparagine-deaminases of E. coli and B . fragilis and the glutamine-deaminases of four Bacteroides species were substantially higher than those of the other enzymes studied. Activities of Enzymes Which Assimilate Ammonia Not only ammonia-producing enzymes, but also ammonia-utilizing enzymes are thought to participate in the change in ammonia concentration of cultures. Among the ammonia-assimilating enzymes, GDH, GS and GOGAT are well known in bacteria (Fig. 2) . Therefore, the activities of these three enzymes were also examined and the results are shown in Fig. 3 . As for GDH and GOGAT, the optimum pH was 7.5 in all of the strains. However, some minor differences were observed; the GDHs of E. coli, K. pneumoniae and B. fragilis showed a strong decrease of activity from pH 7.5 to pH 7.0, while the GDHs of other strains had similar or greater than half of the activity at pH 7.0 as compared with the value at pH 7.5 (Fig. 3a) . In the case of GOGAT, the harmful bacterial strains except C. clostridiiforme had little of this enzyme activity (Fig.  3b) . As for GS, the enzymes of C. perfringens, four Bacteroides species and BB536 showed optimum activity at pH 6.0 whereas the GS activities of E. coli, K pneumoniae and C. clostridiiforme were highest at pH 7.0 (Fig. 3c) . It was also noted that the activities of these three enzymes were much higher in BB536 than in the other bacteria.
DISCUSSION
The antimicrobial effects of Bifidobacterium are ascribed mostly to the decrease of pH resulting from its synthesis of lactic and acetic acids and to these acid products themselves (2, 5) , and, though not clearly shown, perhaps to the production of bacteriocins (2). Our results also point to the positive effects of lactic and acetic acids. However, the possible influence of some unknown inhibitory substances has not been excluded since we did not study the existence of such substances.
With regard to ammonia production, the extent of increase of ammonia concentration from its initial level in the medium was less in co-cultivation with BB536 than in mono-cultivation of the other strains.
Apparently, enzymes from both bifidobacteria and harmful bacteria are involved in the changes of ammonia concentration. By assaying the activities of enzymes which are known to produce or assimilate ammonia, it was found that strain BB536 had fewer kinds of ammonia-producing enzymes, and its ammonia-assimilating enzymes showed much higher activities, than harmful bacteria. It has been reported that the GDH and GS of B. bifidum, and GSs of B. breve and B. pseudolongum, show relatively lower Km values for ammonia than those of other bacteria (3, 4) . It seems likely that these enzymes may participate in lowering the ammonia concentration in co-culture.
